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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an axial turbine 
blade which is capable of reducing the friction loss and the 
pressure loss generated due to a two-dimensional flow 
produced in the neighborhood of the blade end part of a three- 
dimensional blade profile constituting a cascade of blades, and 
thereby improving the turbine efficiency. 
SOLUTION: With the axial turbine blade, in order to relax the 
velocity gradient of a working fluid flowing with increasing 
the flow velocity in the direction crossing a blade back face 5 
at right angles, which is brought about by a two-dimensional 
flow produced in a break away region formed between the 
blade back face 5 and passage eddies 7 flowing on the blade 
back face 5 toward the downstream side, and to reduce the 
friction loss generated by the blade back face 5, riblets 1 1, the 
top of each of which is formed into a sharp shape, are provided 
in the break away region formed between the blade end- wall 2 
and the passage eddies 7. Troubles generated in conventional 
axial turbine blades due to the passage eddies can thus be 
eliminated. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 



[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 



# 



d9) B*m<&mif (j vy 



& m & & u ^) 



(ii)^as^ra## 
1#ili¥U- 117703 

(43)&I§B ¥hEll¥(1999)4/§27B 



(51)IntCl.' 
F 0 1 D 5/14 
9/02 



10 1 



F I 

F 0 1 D 5/14 
9/02 



10 1 



i93RJB»&2 OL (46R 



(21)fflS#^ 



(22>{JIHB 



ftlPF9-286915 



¥je£ 9 ^ (1997) 10E20 B 



(71) USA 000006208 

(72) 8?H# 

(74)ftSA #Sfcfc 5/11 Sr Wl*) 



(54) K6WO*$W «ft6^-tf>S 



(57) [S»] ( fgjE^T ) 

[ mil ] mm * m&-t s 3 <K7cKffia jc*«ififre» 

JI««fc:»£*4 28^fcJoT»KBSfvC. STOPS! 

mmmmz. mmz^tcmmm^Ltzvyu y v- 1 

y LTV *fc±ifcVF££«:»iH-f Sit **T * 



•5 Hfi® 





[tmm i ] m^zMmmm-h 4 $ uses 

n m esgh rt t a aw & sis&ifla* . ana * - 1* >mwm 
ien*H±^<7)^») * hum u iwejfffis±T^jE* a 
e»r & 1 1 *> izmmmik* dsjss » siaa*^fj 

EJHflH*Jt» $ <4 / n"X®JS £ t&tt*: i t s #m 

by SS. 

[000 13 

[&Bjoiw&8cftr#fN ^m^-fyaix 

#x;?-by^(cfijffl£*u »W£flMt**3<X7cS3! 

[0002] 

< itm^m^m^mz^-r^ . 2 jxawuc 4 0 «± 

LfcfflKHAtfaa it* JS5tefc«T*fe 1 6 «» 

mx-s>&. 

[00 0 3] 05 ti, K?U£#flM-*.J:3fc» 
* - t*yJl*E;friajfc:fci& LTfStt fciifcHM*- by 
SOS^rtStOgKnw^Sr^-r^ll-C'*)!). 0(c^ 

«^«<of«iia[«cFoaani, ?-byis 1 «oirt»c 
I). 

[00043 £*>iIK«7*>iWBi. XS8S2ttjfi<Og 
1HS*]R I 3*< J: 3fc®JS3*U l£®t8T-7jW4$ 
**5#^>fcJ*W«3fco«»lTV**. -f3r;b*>, 
BWSLTKKSfifc^-b'yRitf). -;frO?-byl? 

1 WSflSB 4 £ ffe^co 9 - 1* y S 1 OlS^ffl 5 1 T'& * 

nxBf&2ti&mmftmzBf&zix&mf®im8Wz}i 
v&Mi%m2imx'i±. MMm4tm : gm5tizztL? 
tittmi-zmmiftFnEjimzx^x , n)Sffl4»> 



1 1-1 1 7 7 0 3 



4>Wff8B5ffllfc:iaj(tTaat6 2&gyt6jWgj£$:ft.&. 
[0005] ZCDfclh. ftlz. fEiiSatt FA*? -by IS 

1^1W8fc^LT£t6JBHffl*3*>3^, S5JM41H0 
*«*i4JMKi3M:. ffltta«cFfc:J:->-CWBW»8rt 
^Tc£ffliKS£$itl>t fcUc. d *D 2 <JC8SDK 6 £ J: 0 . 

tmmh*$%miz$mtz>. z<7>mmm7 owfe 

«. Ta^tfl) fcoftJWffi 5 i:SSii&£ 2 izmttiZ, 
S+iWrfl'^ftl/tvK. 06(4, -b* 

yn^figsafto a *> . 9 - b yg 1 wswa 5 cos 
age 2 &®<r>m.ti<mMtt-t tztorxmmx'b t . 0 

[0006] zntctb. zcDm&mnt. m^M2)5X 
x/mm 5 a* tws <aa $r an-c v > * fm«* f $r 30 
2 1 fcasaawc 9 s kitbb 5 ttifi^* at? i t 

ft 9 <oaa«3K*«ft t =5: 0 . mtm 5x-±t& mmmm 
iz& s«acfifr 9 oai&aofcjfctfsiftfc** < . 

[0007 3 ;3LT^#^aiJ»^^L, 
^UcE^lfR*^#< : 3:^^Eagfif*l 0(4, 
tciiTO 7 cDEJiKiitSC: J; o T 9 - b>H l cos? 4<ife 

k jiTO7 izmtti&mmmw<7>9-t>i& 1 

«M»4h&» Jit (c*asa* gic^^^nxv^it^^o, 

[00083 ^r*>, 3188^7(7)0^, £f231fi&fft7 3rf& 
4S^fr» *»(tfc ^-b'yg l co^ffid s^Stitl) 
fflSS?ia7(4, 2ac?Ttit(34o-CSK^-b>|?l«J0Wffl 
M5(ci¥t-?(t'bit^«©TT»5ffl!l / vci[it|.7 , iy), Cio 

assa7co?i^f(4, Tac^vstonwaaEBs^ 

5 WHS $ **^T6]^^S!)-r I. i t *^ < s ttSW s 
4 3^r, BSlf-fS^-by||lc7)Wfflil]5^(6](tT<7)t/ 

6 jISS^ 7 (c 4 o T ^^-r 5 ipm&iftiA, £±t%\,\ 
[00093 

[^* ? f»^L4at-r.?)i«gi3 *fraa. ±at^ 
, 3 <X7cisMos4sa5T-^ t h 2 ^oSftfftifefa 

«{(cfcv^^l:i>^ift*fc4t/E^ft*5r(SML, * 
i|i&?-b'>-Ktf>ti:&|Sj±£0& d k* ? r^ i. 4 o (c L 

[00 10 3 

^-b>S(4, »:<7)#Si:L^. 



2) 



Ul'JTVy hSrifcfTfc. Srfc, U7V<yMi, &o7t 

cooii] *«BB<o«*a^-tywi» ±» ( i > w 
iz®m LKWffimi. wgffifrt>MtiK{mizh&(S,m 

8£tt«r. «3lW)»8K^-tvakia|«tWffiiSrftifi^« 
# &tf *\ iwWiSKBfrjWtaftStffiiit:* flirt & co 
it , MfROtta * - b* y K<o JWffi±tcR»-W: 'J 7' u -y 

[ooi2] ztiizxK), xmsT^tismmi:^ 
tiot KiBftifi'vje * 5i * *ifc*a»fW4 , mm t 

S. >Ict)J;3^, Jfffffi<?3RsaMftifi*5K*BB<OSlS ! S: 

izxh m*fi%&. * vmt h z t wx- % h . 

[00 13] ifc, *%.W<7>W8i*-V>Mte. <K*)¥ 
m Lfc. 

&&WfrC>?-Z>McDimmz, JSJgBSA^SM'v 
3- K*T*|{=#»* L < fttSKKft * J: ? K LT i A 

[0014] *«BJtoWS5?-t*vJBi, ±i£ ( 2 ) 69 



ftffl¥ 11-1 17 7 0 3 



[0015] •t%b%, *w >«iwi*>rt*tt. n«a 

ftiff C*J It &PSb- -y ^imott^"CA« t . 2 

- bVKim<o«««±a» *> W* LTES$ 9 - b' 

69* # «, MUSHES < £ 0 . ««ffiSumK« U . ^^tc 

[00 16] 

[^BJ^oHift^fiS] BIT. *»WZ>tt«*-tf>'Xtf> 

<0«8f[^ - tvSoHlt^ 1 »JB*5i%^»4WMHBI. 
0 2 liB l ^-tUSfe^ 1 »JBCWi56<*8S^-b'y 

Mymn%Lti<7)mmmx'bz>. uaufcHs. a 

[ 0 0 l 7 ] 01 » H 2 tcfcv-iT , l l JiaWitcWtc 

{=TO^0. OSmmgjgCOV^^ifO/'yf-Sr-^tt 
fcfcOT-fcO. SWia5±tCOtfSil»ift7i:>Wffi2 
{=J:oTiB^^. ^-bVKl<oa«ffl|fc:»jaSii4 = 

[0 0 18] 02£*SWts mUC^JldtC. 'J7*l/ 

•y h 1 mmm*. &<^tzmwfimm$L%ixh t 

b-yf-(ciES$ni»J:^{cU-ClglS*. sirssojijgi 

■ofcfflJHMel OiWWEU 'JTU-y Ml kffftft 

[0019] 3(sWtOJBffll<0Wa^-t>Ktc % 
^cofftjjS ^ - bVg fc PWKK: JCITBi 5 'WUhffl&ifo 

nis w&&2t5*vmtm5m.m*mixt:tmtzt) 

•kDSn^^tiT. j$Jg^E* { ^^<^o/oiSijlBiEi*9 
K»tclWIii5fc:«»W40li'J^-y M 1H« 

tct zmmmmtt'bz < -c* , iS»85(*9(oaDficoffl 
[0020] -r^^^, 9nnB5o9nyi2ft]Ec(c%£ 

1 HciO^ft^iiStttt. iSS4MS$r/h$<-ri> 



(4) 



ftffl¥ 11-117 7 0 3 



[00 2 1 ] x )~fV •>/ Y 1 1 k <7)&mt,Z 4 9 

TS^ffitt & tb . ilKtt 7 i:i-7T MBttj£ A ^ * a 
£ fifcSilSMfc: 9 14 . E tftSEMc 1 0 1 i&-&t h £ k 
fiHISfU iSi!»iEtt9t4. R»ffi5i:«>l3!fc:fflSSttl 0 

[00 2 2] Z<0&olz^ *H5fe(7)^c7)fK^-t> 
MX'ii , XWffi 5 ±c7)MfflS 2 k iU 7 * ti h M 
MHSWStc U 7V vM 1 SrRJt* £ k l>z J: 0 . i'lSSH 

SStt 9 k EEftffift 1 0 k f)?g£ £ OTM L . iS&Stt 9 CD 
k#T'§l>. 

[0023] mz. m3ii*%w<F>mfc?-*:>M<7)m. 
m<?>& 2 mm z 8#*h8B , n 4 u n 3 

[00 24] Cfl^tOia^tJ^Tt, MSB U"dl 5 , H 

6(c^wia^-t*ysfciHi-a5w. £l<{4shr*>* 

ttfctt|S|-flF#tttLTK^{i««S , t4. 03. 04 K 
fcivt. 1 214^4 ''WiiiR. 1 314^4 ^Xg&fVCib 

-c. 2dmi6lz£^XM&-rz?-t'yMicr)M1tm 

X. Mi&W4frt>W&ffi5'\'?-'t'>Ml£mm-th£ 
0 , 8MIM2tti6fcW£frl*J£ 1 fflJSLhRftt 4 3 K L 

[ 0 0 2 5 ] 04 (c^-fJ: 3 (C, /U A'^Sift 1 2 £t£ 
ft**#fc«flM-*aK»7(4, B&g^M2±{c*0. 
^-h'ym ^M4*^^W®5^ffiS$-trtS^ 
fc. aM AXilSS 1 2fl(=(4. H)lffl4 tJRTffi5 k<?) 

tt\ficr>f&.ttX'Z- Sk. 2 ftgiii 6 co^r ifijArr^KA 7 
<7>fa©o;fr|6]k£|fi]$k3:1>.rka>S>, WixWxl 

3(4, ffl»«7*>«Bi3«:13tf>T. ilSS^7c7)%Ji5rnJ 

h k k i> (c, SHOT* ? - t'ygl <om*STSfc£ t 

[00 26] ZtllzX^X. ^-h'yMl^fnlfOllffi 
g2Ti££LT. UlSL-CUSSft^-t'ySSl^ 
1Tffi5±M£l!rf &>IS&$7<4. JWWriak -$-&;b*>35 



fcJ:t/E7JJi*{4(K^$n, ®i$Si[(*:9<?)ffi^^5rffi 
ML. ^-t>^«7)^iIi^[6]±5:0|.^k^-C#-&„ 
[0027] 

-h>JS^J:it{4*. H«gkSSWffi±5-Wi«^»SnT 

* «^ 1 x mi himmkifiim z 

JOMti:3i»«i:T«4*l'r»J«**i4«IBa« 
[ 0 0 2 8 ] £tH=<t 0 . S1«f® ±C^S6 L tzm&M 

(4 . irrfffi *» h mxtz m. z mix 1 i?m%immm § n 

'J71/7 ht4 0«a?^ 3ME«S* t ^*<**. ^ 
o T , Wflf 1 S Sr /JnS < h £ k S 

[0029] 4fc. 'J7Uv hkW^fci OII^Uc 

'J7I/7 htffl-j-CTaWMiSix. a»»t 

i^xmM\m^%^ttvtzmmmt, m^mtco 
jfi^co^^jrpiij-r^cktcio. f-t'ywmzfti. 

Z^hZttfX'th. 

[0030] &tz. *fSWowa[^-hVHfc:J:n«f . 
(2) ^-tryKoWTiiilitcJBo-CTaol'sSSiMTv^ 

WU, S1Tffi±T'<0E7Ja^(R«. fc4t/ilSl^i(*0 
^-t'vScoMJS*^. MPmcom?iffimi l zcr>XSX%Lti 

»H^H S am > ^iiK^R f t h ti s ; -c-f / iiss 



(5) 



ftfflW- 1 1-1 17 7 0 3 



[0031] znizx^x. mssm^-t-yMmmco 

3MEfcI3*WI:3*u .rixKioTi, K»iS±tc*iJt6 

[02 ] 0 1 CiSfSOlW)* 1 ®JBtMi3ft«ia[^-b* 
[(23 ] *fMB<0««[^-b>K<OSai[^)* 2 

[05 ] RW;:*-b*vH£ja#fflfc;£»LTifttt& 



[ 0 6 ] 0 5 tc^-rts!*^fftg£ 9 - t'ymn<?)ft&%tti 
<7)o*>. f-t'ymvwgwn^m&mcotfitinmM 

1 ?-b*y!S 

2 H«S 

3 USB?® 

4 urn® 

5 S»M 

6 2<Xffll 

7 m&m 

1 0 EttSftfc 

1 1 'J/l/7 h 

1 2 ^*xass 

13 /V/<^8Hl 
F ftWffi.fr 

S iMftgK 



[01 J 



[02] 



-5 



4 KM 




2 wtsa 



[04] 




[03] 



4 BBSS 




(6) 



ftfflW- 1 1-1 17 7 0 3 



C@5] [E16] 




f 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the axial-flow-turbine aerofoil which set up the turbine blade to the aerofoil end wall, and 
was prepared in it so that a cascade might be formed in a hoop direction To the exfoliation field on the 
aerofoil tooth back of said turbine blade pinched by the path eddy which is formed in said aerofoil end 
wall and said cascade, and flows out The axial-flow-turbine aerofoil characterized by preparing Libretto 
which made a crowning which reduces the friction loss which induction is carried out, eases the velocity 
gradient of the working fluid which intersects perpendicularly with said aerofoil tooth back, and flows, 
and is generated at said aerofoil tooth back by the secondary flow eddy generated to said exfoliation 
field the configuration where it sharpened. 

[Claim 2] In the axial-flow-turbine aerofoil which set up the turbine blade to the aerofoil end wall, and 
was prepared in it so that a cascade might be formed in a hoop direction The path eddy which is formed 
in the first transition of said turbine blade near [ said ] the aerofoil end wall, and flows out the inside of 
said cascade Migration of a up to [ said aerofoil tooth back of said path eddy ] is controlled in the front 
first transition section from the location which crosses the aerofoil tooth back of said turbine blade. The 
axial-flow-turbine aerofoil characterized by preparing the bypass path made to penetrate to said aerofoil 
tooth back from the aerofoil intrados which reduces friction loss while weakening the pressure loss 
reduction on said aerofoil tooth back, and said path eddy itself and reducing pressure loss. 



[Translation done.] 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is used for a steam turbine, a gas turbine, etc., reduces the friction 
loss and pressure loss which are generated near the aerofoil edge of the three-dimension profile which 
constitutes a cascade and which are generated in a secondary flow loss field, respectively, and relates to 
the axial-flow-turbine aerofoil which can improve the engine performance sharply. 
[0002] 

[Description of the Prior Art] It is an improvement overlay important point in the engine performance to 
reduce these cascade loss produced in these loss fields in the axial-flow-turbine aerofoil which big 
cascade loss generates by the friction loss produced in the loss field in which the path eddy which is 
generated in the wing joint of the three-dimension profile which forms a cascade, or the aerofoil end 
wall near the wing tip, and which was generated by secondary flow is formed by progressing, and 
pressure loss. 

[0003] Drawin g 5 is the mimetic diagram showing the situation of the flow inside the cascade of the 
axial-flow-turbine aerofoil which set up the turbine blade to the hoop direction and was prepared in the 
aerofoil end wall, as a cascade is formed. As shown in drawing, if the flow of the working fluids F, such 
as a steam which flows near [ aerofoil end-wall 2 ] the cascade upstream, or combustion gas, collides 
with the first transition of a turbine blade 1, it will be hidden in the aerofoil end-wall 2 side, and will 
form the path eddy 7. 

[0004] The vortex tube of this path eddy 7 is formed so that the leading edge of the aerofoil end-wall 2 
neighborhood may be surrounded, and as a dashed line shows, it is called the horseshoe vortex 3 from 
that configuration. That is, near [ in the passage 8 between aerofoils formed in the interior of the cascade 
inserted and formed at the aerofoil intrados 4 of one turbine blade 1 of a turbine blade 1 and the aerofoil 
tooth back 5 of the turbine blade 1 of another side which were arranged adjacently / aerofoil end-wall 
2 ], the secondary flow 6 which flows towards the aerofoil tooth-back 5 side by the differential pressure 
of the working fluid F which acts, respectively from the aerofoil intrados 4 side is formed in the aerofoil 
intrados 4 and the aerofoil tooth back 5. 

[0005] For this reason, especially the horseshoe vortex 3 to which a working fluid F flows to the aerofoil 
intrados 4 side among the horseshoe vortexes 3 collided and produced in the first transition of a turbine 
blade 1 develops into the big eddy called the path eddy 7 by this secondary flow 6, passing passage 8 ** 
between aerofoils to the aerofoil tooth-back 5 side while being passed in the inside of the passage 8 
between aerofoils with a working fluid F to the downstream. The vortex tube of this path eddy 7 crosses 
the corner section of the aerofoil tooth back 5 and the passage 8 between aerofoils inserted into the 
aerofoil end wall 2 as it is extended to a lower stream of a river, and it moves in the direction of a center 
in aerofoil height along the aerofoil tooth back 5. Drawing 6 is a sectional view to show the detail of 
about two aerofoil end wall [ on the tooth back 5 of an aerofoil of a turbine blade 1 ] flow among the 
internal flows of the conventional axial-flow-turbine cascade. In drawing, 7 is the path eddy seen in the 
cross section perpendicular to the flow of a working fluid F, and as shown in drawing, the path eddy 7 



passed by the secondary flow 6 to the aerofoil tooth-back 5 side flows to the downstream along the 
aerofoil tooth back 5. 

[0006] For this reason, this path eddy 7 will involve the high-speed fluid 9 which accelerated the 
working fluid F which is flowing the location distant from the aerofoil end wall 2 and the aerofoil tooth 
back 5 in the aerofoil tooth-back 5 neighborhood. Consequently, in the exfoliation field S applied to the 
path eddy 7 from the aerofoil end wall 2 on the aerofoil tooth back 5, the velocity gradient of the high- 
speed fluid 9 of a direction perpendicular to the aerofoil tooth back 5 becomes sudden, and loss of the 
momentum of the high-speed fluid 9 by the wall friction produced at the aerofoil tooth back 5 becomes 
large rapidly. 

[0007] And the pressure-loss fluid 10 which lost a big momentum in this way and became large [ the 
generated pressure loss ] In order to flow to the downstream, being swept out furthermore by rotation of 
the path eddy 7 in the direction of a height center of a turbine blade 1 , The height of the span direction 
of the turbine blade 1 of the exfoliation field 7 inserted into the aerofoil end wall 2 and the path eddy 7 
became large, when putting in another way, the big part on the tooth back 5 of an aerofoil will always be 
exposed to the high-speed fluid 9, and became the generation source of big pressure loss, and there was 
fault that a turbine efficiency fell sharply. 

[0008] In addition, the path eddy 7 which flows to tooth-back side 5 of the turbine blade 1 which 
prepared the first transition which generated the path eddy 7 concerned among the path eddies 7 After 
having been pushed against tooth-back side 5 of the turbine blade 1 concerned by secondary flow, in 
order to flow to the downstream, the vortex tube of this path eddy 7 It is rare not to move to the passage 
8 between aerofoils, therefore to move in the direction of a center in the aerofoil height of tooth-back 
side 5 of the turbine blade 1 concerned, and the fault generated by the path eddy 7 extended towards 
tooth-back side 5 of the turbine blade 1 which is mentioned later, and which adjoins does not have 
********** as it is extended down-stream. 
[0009] 

[Problem(s) to be Solved by the Invention] This invention makes it a technical problem to offer the 
axial-flow-turbine aerofoil which reduces the friction loss and pressure loss which are produced in the 
secondary flow loss field produced at the aerofoil edge of a three-dimension profile in view of the 
present condition mentioned above, and enabled it to aim at improvement in the engine performance of a 
large turbine blade. 
[0010] 

[Means for Solving the Problem] For this reason, the axial-flow-turbine aerofoil of this invention was 
made into the following means. 

(1) Induction is carried out by the secondary flow generated to the exfoliation field formed between the 
path eddies which flow to the downstream along the aerofoil tooth-back top of the turbine blade which 
forms the cascade set up by the aerofoil end wall and the aerofoil end wall in the hoop direction. In order 
to reduce the friction loss which eases the velocity gradient of the working fluid which increases the rate 
of flow of the direction which intersects perpendicularly with an aerofoil tooth back, and comes to flow, 
and is generated at an aerofoil tooth back Libretto in which the configuration where it sharpened in the 
crowning was formed on the aerofoil tooth back of the turbine blade of the exfoliation field faced across 
and formed by the aerofoil end wall and the path eddy generated in a cascade was prepared. In addition, 
it is desirable that the configuration where it sharpened makes the same span direction what is formed in 
an aerofoil tooth back along the flow direction of a working fluid while Libretto prepares the 
configuration where it sharpened in two or more crownings. 

[001 1] The path eddy which generated in (a) turbine leading edge with the above-mentioned (1) means, 
and the axial-flow-turbine aerofoil of this invention moved onto the aerofoil tooth back Although the 
high-speed fluid in the location distant from the aerofoil tooth back is involved in near an aerofoil tooth 
back like the conventional axial-flow-turbine aerofoil, that this high-speed fluid contacts an aerofoil 
tooth back directly becomes only the field where the crowning of Libretto prepared on the aerofoil tooth 
back of the turbine blade of an exfoliation field sharpened. Furthermore, the high-speed fluid involved in 
and accelerated by the path eddy is slowed down by Libretto, and a velocity gradient becomes small. 



/ 

[0012] Wall friction produced at an aerofoil tooth back can be made small by this, and loss of movement 
of a high-speed fluid etc. can be made small. Moreover, since the large pressure-loss fluid of pressure 
loss generated by friction with Libretto flows to the downstream along with Libretto, without being 
swept out in the direction of a center in aerofoil height, the high-speed fluid involved in near the wall 
surface will flow through the big fluid of pressure loss between aerofoil tooth backs by the path eddy. 
Thus, it is eased and the velocity gradient of the direction where the aerofoil tooth back near the aerofoil 
end wall on the tooth back of an aerofoil is perpendicular can control generating of loss by the wall 
friction in an aerofoil tooth back. 

[0013] Moreover, the axial-flow-turbine aerofoil of this invention was made into the following means. 
(2) Along with the aerofoil tooth-back side of the turbine blade which is set up by the aerofoil end wall 
in a hoop direction, and forms a cascade, flow to the downstream. In order to control the migration from 
the turbine leading edge of a path eddy to an aerofoil tooth-back top and to perform pressure loss 
reduction on an aerofoil tooth back, and pressure loss reduction by the weakened path eddy itself It 
generated in the first transition of the turbine blade near the aerofoil end wall, and the bypass path 
penetrated from aerofoil intrados to an aerofoil tooth back was established in the first transition section 
of a turbine blade from the location where the path eddy which extends and flows to the aerofoil tooth- 
back side of the turbine blade adjoined within a cascade flows to the downstream, and crosses an 
aerofoil tooth back, in addition, a bypass path — the direction of a code ~ an unit - or you may make it 
prepare more than one, and may make it prepare in multistage covering the span direction further 
[0014] The bypass path penetrated to an aerofoil tooth back is established in the turbine blade from 
aerofoil intrados, and the path eddy which generates the axial-flow-turbine aerofoil of this invention 
with the above-mentioned (2) means in the first transition of a turbine blade can also weaken eddy 
reinforcement while the migration by the side of an aerofoil tooth back is controlled, since the bypass 
flow which flows from aerofoil intrados to an aerofoil tooth back by differential pressure occurs in a 
bypass path. 

[0015] That is, if the bypass flow direction is seen of the component of the aerofoil pitch direction in 
near an aerofoil end wall, since it will turn into a secondary flow direction and the direction of the vortex 
tube of a path eddy, and reverse sense, bypass flow will control development of a path eddy, and 
migration of a up to [ the aerofoil tooth back of a path eddy ]. In order that migration of a up to [ the 
aerofoil tooth back of a turbine blade where the path eddy adjoined and has been arranged from the 
aerofoil end wall of the turbine leading edge by this ] may move to the downstream on the tooth back of 
an aerofoil, in an aerofoil tooth back, the large field of the wall friction in the aerofoil tooth back 
generated when a path eddy involves a high-speed fluid in near an aerofoil tooth back becomes small, 
frictional resistance decreases, and reduction of the pressure loss of a working fluid is attained in 
connection with this. Furthermore, the eddy reinforcement of the path eddy by bypass flow itself is also 
weakened, and the friction loss and pressure loss on an aerofoil tooth back are reduced by this. 
[0016] 

[Embodiment of the Invention] Hereafter, one gestalt of operation of the axial-flow-turbine aerofoil of 
this invention is explained based on a drawing. The partial perspective view in which drawing 1 shows 
the 1st gestalt of operation of the axial-flow-turbine aerofoil of this invention, and drawin g 2 are the 
sectional views of the axial-flow-turbine cascade internal flow in connection with the 1 st gestalt of 
operation shown in drawin g 1 . In addition, the same sign is given to the same member as drawing 5 
mentioned above and the axial-flow-turbine aerofoil shown in drawing 6 , or a similar member, and 
explanation is omitted. 

[0017] In drawin g 1 and drawin g 2 , 1 1 attaches notches, such as about 0.05mm V typeface, in parallel 
with the flow direction of Libretto and the high-speed fluid 9 prepared several many steps in parallel 
with flow, is surrounded by the path eddy 7 and the aerofoil end wall 2 which are extended on the 
aerofoil tooth back 5, and is installed in the exfoliation field S of the triangle formed in the trailing-edge 
side of a turbine blade 1 . 

[0018] As shown in a detail, while two or more formation of the configuration where the crowning of 
Libretto 1 1 sharpened keenly is carried out, he is trying to prepare it in the exfoliation field on two or 



more and the tooth back 5 of an aerofoil in dr awin g 2 , as the configuration where it sharpened keenly is 
arranged at pitches [ location / of the span direction / every / abbreviation fixed ]. moreover, in the slot 
(notch) which it comes to insert into Libretto 1 1 , the pressure-loss fluid 1 0 which became large 
[ pressure loss ] exists, and it passes to a back-wash side in parallel with Libretto 1 1 . 
[0019] According to the axial-flow-turbine aerofoil of the gestalt of this operation, the path eddy 7 
extended to the aerofoil tooth back 5 like the conventional axial-flow-turbine aerofoil Although the 
high-speed fluid 9 in the location distant from the aerofoil end wall 2 and aerofoil tooth-back 5 wall 
surface is involved in near the aerofoil tooth-back 5 top It is accelerated by entrainment, and that the 
high-speed fluid 9 with which the velocity gradient became large contacts the aerofoil tooth back 5 
directly becomes only the field where Libretto 1 1 crowning sharpened, and wall friction by friction with 
the aerofoil tooth back of the high-speed fluid 9 can be performed small, and can make small loss of the 
momentum of the high-speed fluid 9. 

[0020] That is, the velocity gradient of a direction perpendicular to the aerofoil tooth back 5 generated 
near [ aerofoil end-wall 2 ] the aerofoil tooth back 5 can control generating of the pressure loss of the 
high-speed fluid 9 by reducing the wall friction in the aerofoil tooth back 5 by making a touch area small 
while being eased by Libretto 11. 

[0021] Moreover, the large pressure-loss fluid 10 of pressure loss generated by friction with Libretto 1 1 
In order to flow to a lower stream of a river along the inside of the notch of Libretto 11, without being 
swept out in the direction of a center in aerofoil height, the high-speed fluid 9 involved in near the wall 
surface by the path eddy 7 Mixing with the pressure-loss fluid 10 is controlled, and the high-speed fluid 
9 flows into the downstream, without producing pressure loss, in order to flow through the pressure-loss 
fluid 10 between the aerofoil tooth backs 5. 

[0022] thus, with the axial-flow-turbine aerofoils of the gestalt of this operation By forming Libretto 1 1 
in the exfoliation field S inserted into the aerofoil end wall 2 and the path eddy 7 on the aerofoil tooth 
back 5 While being able to ease the velocity gradient of the high-speed fluid 9 of a direction 
perpendicular to the aerofoil tooth back as for which induction is carried out by the secondary flow eddy 
in an exfoliation field and being able to control generating of loss by wall friction Mixing with the high- 
speed fluid 9 and the pressure-loss fluid 10 can be controlled, the pressure loss of the high-speed fluid 9 
can be reduced, and large improvement in a turbine efficiency can be aimed at. 
[0023] Next, the partial perspective view in which drawing 3 shows the 2nd gestalt of operation of the 
axial-flow-turbine aerofoil of this invention, and drawin g 4 are the sectional views of the axial-flow- 
turbine cascade internal flow in connection with the 2nd gestalt of operation shown in drawing 3 . 
[0024] Also in these drawings, the same sign is given to the same member as drawin g 5 mentioned 
above and the axial-flow-turbine aerofoil shown in drawing 6 , or a similar member, and explanation is 
omitted. In drawin g 3 and drawin g 4 , 12 is a bypass path and 13 is bypass flow. It generates from the 
first transition of a turbine blade 1 , and he is trying for the vortex tube of the path eddy 7 extended to up 
to the aerofoil tooth back 5 of the turbine blade 1 which adjoins by the secondary flow 6 to prepare in 
the aerofoil end-wall 2 neighborhood at one or more chordwises, bypass applying it to the first transition 
from the location which crosses the intersection on the aerofoil end wall 2 and the tooth back 5 of an 
aerofoil to a turbine blade 1, so that a turbine blade 1 may be penetrated from the aerofoil intrados 4 to 
the aerofoil tooth back 5. 

[0025] As shown in drawin g 4 , in the bypass path 12 which the path eddy 7 flowing out had on the 
abbreviation wing-tip wall 2, and was made to penetrate to a turbine blade 1 to the aerofoil tooth back 5, 
and prepared the part which forms the bypass path 12 in it from the aerofoil intrados 4, the bypass flow 
13 occurs by the differential pressure between the aerofoil intrados 4 and the aerofoil tooth back 5. If the 
sense of the bypass flow 13 is seen of the component of the aerofoil pitch direction in the aerofoil end- 
wall 2 neighborhood, since it will turn into the direction of the secondary flow 6 and the direction of the 
vortex tube of the path eddy 7, and reverse sense, the bypass flow 13 While weakening the eddy strength 
of the path eddy 7 and controlling development of the path eddy 7, migration of a up to [ the aerofoil 
tooth back 5 of the path eddy 7 generated in the first transition of the adjoining turbine blade 1 ] is 
controlled. 



[0026] The path eddy 7 which moves to up to the aerofoil tooth back 5 of the turbine blade 1 which 
occurred and has been adjacently arranged by the aerofoil end wall 2 of the first transition of a turbine 
blade 1 by this Without moving in the direction of a center in the span direction, i.e., aerofoil height, 
about two aerofoil end wall on the tooth back 5 of an aerofoil will be moved to the downstream, and it 
sets at the aerofoil tooth back 5. The exfoliation field S of the wall friction in an aerofoil tooth back 
which is generated by involving the high-speed fluid 9 which the path eddy 7 mentioned above in the 
aerofoil tooth-back 5 neighborhood and which becomes large becomes small, friction loss decreases, 
and reduction of the pressure loss of a working fluid F is attained in connection with this. Furthermore, 
with the weakened eddy reinforcement of path eddy 7 the very thing by the bypass flow 1 3 mentioned 
above, the friction loss and pressure loss on the aerofoil tooth back 5 can be reduced, can reduce the 
pressure loss of the high-speed fluid 9, and can aim at large improvement in a turbine efficiency. 
[0027] 

[Effect of the Invention] As mentioned above, according to the axial-flow-turbine aerofoil of this 
invention, induction is carried out by the secondary flow which generates an aerofoil end-wall and 
aerofoil tooth-back top to the exfoliation field formed between the path eddies which flow to the 
downstream as explained. The velocity gradient of the high-speed fluid with which the working fluid 
which increases and flows the rate of flow of the direction which intersects perpendicularly with an 
aerofoil tooth back was accelerated was eased, and in order to reduce the friction loss generated at an 
aerofoil tooth back, it was made the configuration which prepares Libretto in which the configuration 
where it sharpened in the crowning was formed to the exfoliation field faced across and formed by the 
aerofoil end wall and the path eddy. 

[0028] The path eddy which moved onto the aerofoil tooth back by this the high-speed fluid with which 
the working fluid which flows the location distant from the aerofoil tooth back was accelerated 
Although involved in near an aerofoil tooth back, the high-speed fluid which that this high-speed fluid 
contacts an aerofoil tooth back directly becomes only the field where the crowning of Libretto prepared 
on the aerofoil tooth back of the turbine blade of an exfoliation field sharpened, and is accelerated by the 
path eddy is slowed down by Libretto, and a velocity gradient becomes small. Therefore, loss of the 
momentum of the high-speed fluid which can make small wall friction produced at an aerofoil tooth 
back can be made small. 

[0029] Moreover, the large pressure-loss fluid of pressure loss generated by friction with Libretto will 
flow to the downstream along with Libretto, without being swept out in the direction of a center in 
aerofoil height, and the high-speed fluid involved in near the wall surface by the path eddy will flow 
through the big fluid of pressure loss between aerofoil tooth backs. A turbine efficiency can be raised by 
controlling relaxation of the velocity gradient of a direction perpendicular to the aerofoil tooth back near 
the aerofoil end wall on this tooth back of an aerofoil, and generating of loss by the wall friction in an 
aerofoil tooth back. 

[0030] Moreover, according to the axial-flow-turbine aerofoil of this invention, along with the aerofoil 
tooth-back side of (2) turbine blades, flow to the downstream. In order to control the migration from the 
turbine leading edge of a path eddy to an aerofoil tooth-back top and to perform pressure loss reduction 
on an aerofoil tooth back, and pressure loss reduction by the weakened path eddy itself It applied to the 
location where the path eddy which extends and flows from the first transition of the turbine blade near 
the aerofoil end wall to the aerofoil tooth-back side within a cascade flows to the downstream, and 
crosses the aerofoil tooth back of a turbine blade, and the bypass path penetrated from aerofoil intrados 
to an aerofoil tooth back was prepared. Thus, the bypass path penetrated from aerofoil intrados to an 
aerofoil tooth back to a turbine blade is prepared, and eddy reinforcement can also be weakened while 
the migration by the side of the aerofoil tooth back of a path eddy is controlled, since the bypass flow 
which flows from aerofoil intrados to an aerofoil tooth back occurs in a bypass path. 
[0031] In order that a path eddy may move the migration from the aerofoil end wall of the turbine 
leading edge to an aerofoil tooth-back top to the downstream on the tooth back of an aerofoil, in an 
aerofoil tooth back, the exfoliation field of the wall friction in an aerofoil tooth back which is generated 
when a path eddy involves a high-speed fluid in near an aerofoil tooth back and which becomes large 



becomes small, friction loss decreases, and reduction of the pressure loss of a working fluid is attained 
in connection with this by this. Furthermore, the eddy reinforcement of the path eddy by bypass flow 
itself is also weakened, and the friction loss and pressure loss on an aerofoil tooth back are reduced by 
this. Thus, a turbine efficiency can be raised by reduction of friction loss and pressure loss. 
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TECHNICAL FIELD 



[Field of the Invention] This invention is used for a steam turbine, a gas turbine, etc., reduces the friction 
loss and pressure loss which are generated near the aerofoil edge of the three-dimension profile which 
constitutes a cascade and which are generated in a secondary flow loss field, respectively, and relates to 
the axial-flow-turbine aerofoil which can improve the engine performance sharply. 
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PRIOR ART 



[Description of the Prior Art] It is an improvement overlay important point in the engine performance to 
reduce these cascade loss produced in these loss fields in the axial-flow-turbine aerofoil which big 
cascade loss generates by the friction loss produced in the loss field in which the path eddy which is 
generated in the wing joint of the three-dimension profile which forms a cascade, or the aerofoil end 
wall near the wing tip, and which was generated by secondary flow is formed by progressing, and 
pressure loss. 

[0003] Drawin g 5 is the mimetic diagram showing the situation of the flow inside the cascade of the 
axial-flow-turbine aerofoil which set up the turbine blade to the hoop direction and was prepared in the 
aerofoil end wall, as a cascade is formed. As shown in drawing, if the flow of the working fluids F, such 
as a steam which flows near [ aerofoil end-wall 2 ] the cascade upstream, or combustion gas, collides 
with the first transition of a turbine blade 1, it will be hidden in the aerofoil end-wall 2 side, and will 
form the path eddy 7. 

[0004] The vortex tube of this path eddy 7 is formed so that the leading edge of the aerofoil end-wall 2 
neighborhood may be surrounded, and as a dashed line shows, it is called the horseshoe vortex 3 from 
that configuration. That is, near [ in the passage 8 between aerofoils formed in the interior of the cascade 
inserted and formed at the aerofoil intrados 4 of one turbine blade 1 of a turbine blade 1 and the aerofoil 
tooth back 5 of the turbine blade 1 of another side which were arranged adjacently / aerofoil end-wall 
2 ], the secondary flow 6 which flows towards the aerofoil tooth-back 5 side by the differential pressure 
of the working fluid F which acts, respectively from the aerofoil intrados 4 side is formed in the aerofoil 
intrados 4 and the aerofoil tooth back 5. 

[0005] For this reason, especially the horseshoe vortex 3 to which a working fluid F flows to the aerofoil 
intrados 4 side among the horseshoe vortexes 3 collided and produced in the first transition of a turbine 
blade 1 develops into the big eddy called the path eddy 7 by this secondary flow 6, passing passage 8 ** 
between aerofoils to the aerofoil tooth-back 5 side while being passed in the inside of the passage 8 
between aerofoils with a working fluid F to the downstream. The vortex tube of this path eddy 7 crosses 
the corner section of the aerofoil tooth back 5 and the passage 8 between aerofoils inserted into the 
aerofoil end wall 2 as it is extended to a lower stream of a river, and it moves in the direction of a center 
in aerofoil height along the aerofoil tooth back 5. Drawin g 6 is a sectional view to show the detail of 
about two aerofoil end wall [ on the tooth back 5 of an aerofoil of a turbine blade 1 ] flow among the 
internal flows of the conventional axial-flow-turbine cascade. In drawing, 7 is the path eddy seen in the 
cross section perpendicular to the flow of a working fluid F, and as shown in drawing, the path eddy 7 
passed by the secondary flow 6 to the aerofoil tooth-back 5 side flows to the downstream along the 
aerofoil tooth back 5. 

[0006] For this reason, this path eddy 7 will involve the high-speed fluid 9 which accelerated the 
working fluid F which is flowing the location distant from the aerofoil end wall 2 and the aerofoil tooth 
back 5 in the aerofoil tooth-back 5 neighborhood. Consequently, in the exfoliation field S applied to the 
path eddy 7 from the aerofoil end wall 2 on the aerofoil tooth back 5, the velocity gradient of the high- 
speed fluid 9 of a direction perpendicular to the aerofoil tooth back 5 becomes sudden, and loss of the 



momentum of the high-speed fluid 9 by the wall friction produced at the aerofoil tooth back 5 becomes 
large rapidly. 

[0007] And the pressure-loss fluid 10 which lost a big momentum in this way and became large [ the 
generated pressure loss ] In order to flow to the downstream, being swept out furthermore by rotation of 
the path eddy 7 in the direction of a height center of a turbine blade 1 , The height of the span direction 
of the turbine blade 1 of the exfoliation field 7 inserted into the aerofoil end wall 2 and the path eddy 7 
became large, when putting in another way, the big part on the tooth back 5 of an aerofoil will always be 
exposed to the high-speed fluid 9, and became the generation source of big pressure loss, and there was 
fault that a turbine efficiency fell sharply. 

[0008] In addition, the path eddy 7 which flows to tooth-back side 5 of the turbine blade 1 which 
prepared the first transition which generated the path eddy 7 concerned among the path eddies 7 After 
having been pushed against tooth-back side 5 of the turbine blade 1 concerned by secondary flow, in 
order to flow to the downstream, the vortex tube of this path eddy 7 It is rare not to move to the passage 
8 between aerofoils, therefore to move in the direction of a center in the aerofoil height of tooth-back 
side 5 of the turbine blade 1 concerned, and the fault generated by the path eddy 7 extended towards 
tooth-back side 5 of the turbine blade 1 which is mentioned later, and which adjoins does not have 
********** as it is extended down-stream. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As mentioned above, according to the axial-flow-turbine aerofoil of this 
invention, induction is carried out by the secondary flow which generates an aerofoil end-wall and 
aerofoil tooth-back top to the exfoliation field formed between the path eddies which flow to the 
downstream as explained. The velocity gradient of the high-speed fluid with which the working fluid 
which increases and flows the rate of flow of the direction which intersects perpendicularly with an 
aerofoil tooth back was accelerated was eased, and in order to reduce the friction loss generated at an 
aerofoil tooth back, it was made the configuration which prepares Libretto in which the configuration 
where it sharpened in the crowning was formed to the exfoliation field faced across and formed by the 
aerofoil end wall and the path eddy. 

[0028] The path eddy which moved onto the aerofoil tooth back by this the high-speed fluid with which 
the working fluid which flows the location distant from the aerofoil tooth back was accelerated 
Although involved in near an aerofoil tooth back, the high-speed fluid which that this high-speed fluid 
contacts an aerofoil tooth back directly becomes only the field where the crowning of Libretto prepared 
on the aerofoil tooth back of the turbine blade of an exfoliation field sharpened, and is accelerated by the 
path eddy is slowed down by Libretto, and a velocity gradient becomes small. Therefore, loss of the 
momentum of the high-speed fluid which can make small wall friction produced at an aerofoil tooth 
back can be made small. 

[0029] Moreover, the large pressure-loss fluid of pressure loss generated by friction with Libretto will 
flow to the downstream along with Libretto, without being swept out in the direction of a center in 
aerofoil height, and the high-speed fluid involved in near the wall surface by the path eddy will flow 
through the big fluid of pressure loss between aerofoil tooth backs. A turbine efficiency can be raised by 
controlling relaxation of the velocity gradient of a direction perpendicular to the aerofoil tooth back near 
the aerofoil end wall on this tooth back of an aerofoil, and generating of loss by the wall friction in an 
aerofoil tooth back. 

[0030] Moreover, according to the axial-flow-turbine aerofoil of this invention, along with the aerofoil 
tooth-back side of (2) turbine blades, flow to the downstream. In order to control the migration from the 
turbine leading edge of a path eddy to an aerofoil tooth-back top and to perform pressure loss reduction 
on an aerofoil tooth back, and pressure loss reduction by the weakened path eddy itself It applied to the 
location where the path eddy which extends and flows from the first transition of the turbine blade near 
the aerofoil end wall to the aerofoil tooth-back side within a cascade flows to the downstream, and 
crosses the aerofoil tooth back of a turbine blade, and the bypass path penetrated from aerofoil intrados 
to an aerofoil tooth back was prepared. Thus, the bypass path penetrated from aerofoil intrados to an 
aerofoil tooth back to a turbine blade is prepared, and eddy reinforcement can also be weakened while 
the migration by the side of the aerofoil tooth back of a path eddy is controlled, since the bypass flow 
which flows from aerofoil intrados to an aerofoil tooth back occurs in a bypass path. 
[003 1] In order that a path eddy may move the migration from the aerofoil end wall of the turbine 
leading edge to an aerofoil tooth-back top to the downstream on the tooth back of an aerofoil, in an 
aerofoil tooth back, the exfoliation field of the wall friction in an aerofoil tooth back which is generated 



when a path eddy involves a high-speed fluid in near an aerofoil tooth back and which becomes large 
becomes small, friction loss decreases, and reduction of the pressure loss of a working fluid is attained 
in connection with this by this. Furthermore, the eddy reinforcement of the path eddy by bypass flow 
itself is also weakened, and the friction loss and pressure loss on an aerofoil tooth back are reduced by 
this. Thus, a turbine efficiency can be raised by reduction of friction loss and pressure loss. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] This invention makes it a technical problem to offer the 
axial-flow-turbine aerofoil which reduces the friction loss and pressure loss which are produced in the 
secondary flow loss field produced at the aerofoil edge of a three-dimension profile in view of the 
present condition mentioned above, and enabled it to aim at improvement in the engine performance of a 
large turbine blade. 
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MEANS 



[Means for Solving the Problem] For this reason, the axial-flow-turbine aerofoil of this invention was 
made into the following means. 

(1) Induction is carried out by the secondary flow generated to the exfoliation field formed between the 
path eddies which flow to the downstream along the aerofoil tooth-back top of the turbine blade which 
forms the cascade set up by the aerofoil end wall and the aerofoil end wall in the hoop direction. In order 
to reduce the friction loss which eases the velocity gradient of the working fluid which increases the rate 
of flow of the direction which intersects perpendicularly with an aerofoil tooth back, and comes to flow, 
and is generated at an aerofoil tooth back Libretto in which the configuration where it sharpened in the 
crowning was formed on the aerofoil tooth back of the turbine blade of the exfoliation field faced across 
and formed by the aerofoil end wall and the path eddy generated in a cascade was prepared. In addition, 
it is desirable that the configuration where it sharpened makes the same span direction what is formed in 
an aerofoil tooth back along the flow direction of a working fluid while Libretto prepares the 
configuration where it sharpened in two or more crownings. 

[001 1] The path eddy which generated in (a) turbine leading edge with the above-mentioned (1) means, 
and the axial-flow-turbine aerofoil of this invention moved onto the aerofoil tooth back Although the 
high-speed fluid in the location distant from the aerofoil tooth back is involved in near an aerofoil tooth 
back like the conventional axial-flow-turbine aerofoil, that this high-speed fluid contacts an aerofoil 
tooth back directly becomes only the field where the crowning of Libretto prepared on the aerofoil tooth 
back of the turbine blade of an exfoliation field sharpened. Furthermore, the high-speed fluid involved in 
and accelerated by the path eddy is slowed down by Libretto, and a velocity gradient becomes small. 
[0012] Wall friction produced at an aerofoil tooth back can be made small by this, and loss of movement 
of a high-speed fluid etc. can be made small. Moreover, since the large pressure-loss fluid of pressure 
loss generated by friction with Libretto flows to the downstream along with Libretto, without being 
swept out in the direction of a center in aerofoil height, the high-speed fluid involved in near the wall 
surface will flow through the big fluid of pressure loss between aerofoil tooth backs by the path eddy. 
Thus, it is eased and the velocity gradient of the direction where the aerofoil tooth back near the aerofoil 
end wall on the tooth back of an aerofoil is perpendicular can control generating of loss by the wall 
friction in an aerofoil tooth back. 

[0013] Moreover, the axial^flow-turbine aerofoil of this invention was made into the following means. 

(2) Along with the aerofoil tooth-back side of the turbine blade which is set up by the aerofoil end wall 
in a hoop direction, and forms a cascade, flow to the downstream. In order to control the migration from 
the turbine leading edge of a path eddy to an aerofoil tooth-back top and to perform pressure loss 
reduction on an aerofoil tooth back, and pressure loss reduction by the weakened path eddy itself It 
generated in the first transition of the turbine blade near the aerofoil end wall, and the bypass path 
penetrated from aerofoil intrados to an aerofoil tooth back was established in the first transition section 
of a turbine blade from the location where the path eddy which extends and flows to the aerofoil tooth- 
back side of the turbine blade adjoined within a cascade flows to the downstream, and crosses an 
aerofoil tooth back, in addition, a bypass path - the direction of a code — an unit - or you may make it 



prepare more than one, and may make it prepare in multistage covering the span direction further 
[0014] The bypass path penetrated to an aerofoil tooth back is established in the turbine blade from 
aerofoil intrados, and the path eddy which generates the axial-flow-turbine aerofoil of this invention 
with the above-mentioned (2) means in the first transition of a turbine blade can also weaken eddy 
reinforcement while the migration by the side of an aerofoil tooth back is controlled, since the bypass 
flow which flows from aerofoil intrados to an aerofoil tooth back by differential pressure occurs in a 
bypass path. 

[0015] That is, if the bypass flow direction is seen of the component of the aerofoil pitch direction in 
near an aerofoil end wall, since it will turn into a secondary flow direction and the direction of the vortex 
tube of a path eddy, and reverse sense, bypass flow will control development of a path eddy, and 
migration of a up to [ the aerofoil tooth back of a path eddy ]. In order that migration of a up to [ the 
aerofoil tooth back of a turbine blade where the path eddy adjoined and has been arranged from the 
aerofoil end wall of the turbine leading edge by this ] may move to the downstream on the tooth back of 
an aerofoil, in an aerofoil tooth back, the large field of the wall friction in the aerofoil tooth back 
generated when a path eddy involves a high-speed fluid in near an aerofoil tooth back becomes small, 
frictional resistance decreases, and reduction of the pressure loss of a working fluid is attained in 
connection with this. Furthermore, the eddy reinforcement of the path eddy by bypass flow itself is also 
weakened, and the friction loss and pressure loss on an aerofoil tooth back are reduced by this. 
[0016] 

[Embodiment of the Invention] Hereafter, one gestalt of operation of the axial-flow-turbine aerofoil of 
this invention is explained based on a drawing. The partial perspective view in which drawing 1 shows 
the 1st gestalt of operation of the axial-flow-turbine aerofoil of this invention, and drawin g 2 are the 
sectional views of the axial-flow-turbine cascade internal flow in connection with the 1st gestalt of 
operation shown in draw ing 1 . In addition, the same sign is given to the same member as drawin g 5 
mentioned above and the axial-flow-turbine aerofoil shown in drawin g 6 , or a similar member, and 
explanation is omitted. 

[0017] In drawin g 1 and drawin g 2 , 1 1 attaches notches, such as about 0.05mm V typeface, in parallel 
with the flow direction of Libretto and the high-speed fluid 9 prepared several many steps in parallel 
with flow, is surrounded by the path eddy 7 and the aerofoil end wall 2 which are extended on the 
aerofoil tooth back 5, and is installed in the exfoliation field S of the triangle formed in the trailing-edge 
side of a turbine blade 1 . 

[001 8] As shown in a detail, while two or more formation of the configuration where the crowning of 
Libretto 1 1 sharpened keenly is carried out, he is trying to prepare it in the exfoliation field on two or 
more and the tooth back 5 of an aerofoil in drawin g 2 , as the configuration where it sharpened keenly is 
arranged at pitches [ location / of the span direction / every / abbreviation fixed ]. moreover, in the slot 
(notch) which it comes to insert into Libretto 1 1, the pressure-loss fluid 10 which became large 
[ pressure loss ] exists, and it passes to a back-wash side in parallel with Libretto 1 1 . 
[0019] According to the axial-flow-turbine aerofoil of the gestalt of this operation, the path eddy 7 
extended to the aerofoil tooth back 5 like the conventional axial-flow-turbine aerofoil Although the 
high-speed fluid 9 in the location distant from the aerofoil end wall 2 and aerofoil tooth-back 5 wall 
surface is involved in near the aerofoil tooth-back 5 top It is accelerated by entrainment, and that the 
high-speed fluid 9 with which the velocity gradient became large contacts the aerofoil tooth back 5 
directly becomes only the field where Libretto 1 1 crowning sharpened, and wall friction by friction with 
the aerofoil tooth back of the high-speed fluid 9 can be performed small, and can make small loss of the 
momentum of the high-speed fluid 9. 

[0020] That is, the velocity gradient of a direction perpendicular to the aerofoil tooth back 5 generated 
near [ aerofoil end- wall 2 ] the aerofoil tooth back 5 can control generating of the pressure loss of the 
high-speed fluid 9 by reducing the wall friction in the aerofoil tooth back 5 by making a touch area small 
while being eased by Libretto 1 1 . 

[0021] Moreover, the large pressure-loss fluid 10 of pressure loss generated by friction with Libretto 1 1 
In order to flow to a lower stream of a river along the inside of the notch of Libretto 11, without being 



swept out in the direction of a center in aerofoil height, the high-speed fluid 9 involved in near the wall 
surface by the path eddy 7 Mixing with the pressure-loss fluid 10 is controlled, and the high-speed fluid 
9 flows into the downstream, without producing pressure loss, in order to flow through the pressure-loss 
fluid 10 between the aerofoil tooth backs 5. 

[0022] thus, with the axial-flow-turbine aerofoils of the gestalt of this operation By forming Libretto 1 1 
in the exfoliation field S inserted into the aerofoil end wall 2 and the path eddy 7 on the aerofoil tooth 
back 5 While being able to ease the velocity gradient of the high-speed fluid 9 of a direction 
perpendicular to the aerofoil tooth back as for which induction is carried out by the secondary flow eddy 
in an exfoliation field and being able to control generating of loss by wall friction Mixing with the high- 
speed fluid 9 and the pressure-loss fluid 10 can be controlled, the pressure loss of the high-speed fluid 9 
can be reduced, and large improvement in a turbine efficiency can be aimed at. 
[0023] Next, the partial perspective view in which drawing 3 shows the 2nd gestalt of operation of the 
axial-flow-turbine aerofoil of this invention, and drawin g 4 are the sectional views of the axial-flow- 
turbine cascade internal flow in connection with the 2nd gestalt of operation shown in drawin g 3 . 
[0024] Also in these drawings, the same sign is given to the same member as drawing 5 mentioned 
above and the axial-flow-turbine aerofoil shown in drawin g 6 , or a similar member, and explanation is 
omitted. In drawin g 3 and drawin g 4 , 12 is a bypass path and 13 is bypass flow. It generates from the 
first transition of a turbine blade 1 , and he is trying for the vortex tube of the path eddy 7 extended to up 
to the aerofoil tooth back 5 of the turbine blade 1 which adjoins by the secondary flow 6 to prepare in 
the aerofoil end-wall 2 neighborhood at one or more chordwises, bypass applying it to the first transition 
from the location which crosses the intersection on the aerofoil end wall 2 and the tooth back 5 of an 
aerofoil to a turbine blade 1, so that a turbine blade 1 may be penetrated from the aerofoil intrados 4 to 
the aerofoil tooth back 5. 

[0025] As shown in drawin g 4 , in the bypass path 12 which the path eddy 7 flowing out had on the 
abbreviation wing-tip wall 2, and was made to penetrate to a turbine blade 1 to the aerofoil tooth back 5, 
and prepared the part which forms the bypass path 1 2 in it from the aerofoil intrados 4, the bypass flow 
1 3 occurs by the differential pressure between the aerofoil intrados 4 and the aerofoil tooth back 5. If the 
sense of the bypass flow 13 is seen of the component of the aerofoil pitch direction in the aerofoil end- 
wall 2 neighborhood, since it will turn into the direction of the secondary flow 6 and the direction of the 
vortex tube of the path eddy 7, and reverse sense, the bypass flow 13 While weakening the eddy strength 
of the path eddy 7 and controlling development of the path eddy 7, migration of a up to [ the aerofoil 
tooth back 5 of the path eddy 7 generated in the first transition of the adjoining turbine blade 1 ] is 
controlled. 

[0026] The path eddy 7 which moves to up to the aerofoil tooth back 5 of the turbine blade 1 which 
occurred and has been adjacently arranged by the aerofoil end wall 2 of the first transition of a turbine 
blade 1 by this Without moving in the direction of a center in the span direction, i.e., aerofoil height, 
about two aerofoil end wall on the tooth back 5 of an aerofoil will be moved to the downstream, and it 
sets at the aerofoil tooth back 5. The exfoliation field S of the wall friction in an aerofoil tooth back 
which is generated by involving the high-speed fluid 9 which the path eddy 7 mentioned above in the 
aerofoil tooth-back 5 neighborhood and which becomes large becomes small, friction loss decreases, 
and reduction of the pressure loss of a working fluid F is attained in connection with this. Furthermore, 
with the weakened eddy reinforcement of path eddy 7 the very thing by the bypass flow 13 mentioned 
above, the friction loss and pressure loss on the aerofoil tooth back 5 can be reduced, can reduce the 
pressure loss of the high-speed fluid 9, and can aim at large improvement in a turbine efficiency. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The partial perspective view showing the 1st gestalt of operation of the axial-flow-turbine 
aerofoil of this invention, 

[Drawing 2] The sectional view of the axial-flow-turbine cascade internal flow in connection with the 
1 st gestalt of operation shown in drawing 1 , 

[Drawin g 3] The partial perspective view showing the 2nd gestalt of operation of the axial-flow-turbine 
aerofoil of this invention, 

[Drawing 4] The sectional view of the axial-flow-turbine cascade internal flow in connection with the 
2nd gestalt of operation shown in drawing 3 , 

[Drawin g 5] The mimetic diagram showing the situation of the flow inside the cascade of the 
conventional axial-flow-turbine aerofoil which set up the turbine blade to the hoop direction and was 
prepared in the aerofoil end wall, 

[Drawin g 6] It is a sectional view to show the detail of the flow near [ on the tooth back of an aerofoil of 
a turbine blade ] the aerofoil end wall among the internal flows of the conventional axial-flow-turbine 
cascade shown in drawin g 5 . 
[Description of Notations] 

1 Turbine Blade 

2 Aerofoil End Wall 

3 Horseshoe Vortex 

4 Aerofoil Intrados 

5 Aerofoil Tooth Back 

6 Secondary Flow 

7 Path Eddy 

8 Path between Aerofoils 

9 High-speed Fluid 

10 Pressure-Loss Fluid 

1 1 Libretto 

1 2 Bypass Path 

13 Bypass Flow 
F Working fluid 

S Exfoliation field 
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